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29-6646/Copyright ª 2014, ElsevierLike the majority of other living organisms on earth,
humans cannot survive without salt. An ideal concentration
of salt, or sodium chloride, is required for proper func-
tioning of cells and organ systems. By adjusting the rate of
excretion from the kidneys, the amount of salt in our body
remains constant despite day-to-day variations in salt
intake. However, salt-sensitive hypertension occurs in 30%
of people with normal blood pressure and more often in
people with high blood pressure, renal insufficiency, dia-
betes, or old age.1 As a result, salt restriction is widely
viewed as an essential part of a healthy life style and is also
the first line of treatment for newly diagnosed hyperten-
sion. The latest World Health Organization guidelines
recommend adults consume <5 g of salt per day.
Interestingly, recent studies indicate that excessive salt
might cause more harm to our body than just hypertension.have no conflicts of interest
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Taiwan LLC & Formosan MedicalResearchers identified that TH17 cells, a subset of highly-
proinflammatory cells involved in many autoimmune dis-
orders, can be preferentially induced by simply treating
CD4þ T cells with salt.2,3 High salt treatment enhanced the
differentiation of TH17 cells by upregulation of serum
glucocorticoid kinase 1 (SGK1) and interleukin-23 receptor
both in vitro and in vivo.2 Compared with TH17 cells
generated under normal condition, TH17 cells generated in
the presence of high salt exhibit upregulation of proin-
flammatory cytokines, such as interleukin IL-2, tumor ne-
crosis factor a and granulocyte macrophage colony-
stimulating factor.3 A high salt diet and the induction of
TH17 cells aggravated the severity of experimental auto-
immune encephalitis in wild-type mice, whereas such ef-
fects of salt-dependent TH17 cells differentiation and
autoimmunity was abrogated in SGK1-deficient mice.2 The
p38/MAPK pathway activated by salt-induced hypertonici-
ty, involving nuclear factor of activated T cells 5 (NFAT5)
and SGK1, was shown to induce TH17 cells differentiation.
3
Worldwide increase in autoimmune disease cases sug-
gests that environmental factors could play a role in initi-
ating autoimmunity. As a result, aforementioned studies
instigated great interest to further understand the role ofAssociation. All rights reserved.
672 Y.-L. Chiu et al.salt intake and the development of TH17 cells in autoim-
mune diseases. Indeed, TH17 cells have already been
characterized recently in many autoimmune diseases in
humans. Genome-wide association studies have linked TH17
cells-related genes to the development of Crohn’s disease,
rheumatoid arthritis, and psoriasis.4 Elevated serum levels
of IL-17 and increased frequency of TH17 cells have been
found in systemic lupus erythematosus and crescentic
glomerulonephritis.5 Mechanistically, TH17 cells seem to
exhibit pleiotropic effects on promoting systemic and local
autoimmunity.6,7 IL-17 enhances inflammation by acting on
many cell types bearing IL-17R, including other immune
cells and epithelial cells. TH17 response abrogates regula-
tory T-cell-mediated tolerance, increases epithelial
permeability, and upregulates tissue metalloproteinase
which directly contribute to tissue injury. Furthermore, IL-
17 promotes the proliferation, survival, and immunoglob-
ulin production of B cells.
In considering these studies on salt and autoimmunity, it
is important to determine if the high salt condition used in
cell cultures is also attainable in vivo although a compa-
rable level of sodium has been found in the skin of animals
fed a high salt diet.3 The additional salt treatment used to
induce TH17 cells was 40e80 mM (in addition to an isotonic
cell culture media).2,3 Such levels of hyperosmolarity do
not usually develop in blood or tissue in people with normal
kidney functions and free access to water. However, an
even higher level of sodium or hyperosmolarity can be
found in the kidneys. In renal medulla, the osmolarity can
be higher than 600e1200 mOsm/kg of H2O in individuals
with a normal diet, and would be even higher in the context
of a high salt diet or dehydration.8 As a result, the impact of
high salt-induced TH17 cell differentiation could be most
dramatic in the kidney interstitium.
At the moment, we need studies that directly demon-
strate the link between salt intake and the incidence or
severity of autoimmune disease in humans. We also need to
know whether the hypertonic renal medulla is the exact
niche for TH17 cells activation. Additional questions
remain. CD4þ T cells are known to dynamically change
their differentiation program and are capable of differen-
tiating into different lineages. Do salt-induced TH17 cells
retain their TH17 identity after salt concentration hasdecreased? It is important to note that CD4þ TH17 cells are
not the only cells producing IL-17. CD8þ T cells, gd T cells,
and invariant natural killer T cells have all been identified
as IL-17 producers. Although CD4þ TH17 cell differentiation
is affected by salt, can salt also affect other immune cells,
such as CD8þ T cells and B cells? Can salt-lowering treat-
ments, such as diuretics, affect the outcome of autoim-
mune disorders? In the future, it will be critical to answer
these questions in order to translate novel immunological
knowledge into clinical medicine, which will ultimately
benefit clinical patients. Before that, we still have to take
these exciting scientific findings on salt and autoimmunity
“with a grain of salt”.References
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